ABSTRACT MANIRE, G. P. (Institute for Virus Research, Kyoto University, Kyoto, Japan). Structure of purified cell walls of dense forms of meningopneumonitis organisms. J. Bacteriol. 91:409-413. 1966.-Purified suspensions of the dense form of the meningopneumonitis organism were prepared by differential centrifugation, sonic treatment, enzyme treatment, and sucrose gradient centrifugation. When mixed with glass beads and sonically treated at 10 kc/sec, the particles were completely disrupted in 15 min when 10-ml volumes were used, and in 5 min when 2-ml volumes were used. Purified cell walls were prepared by enzyme treatment and sucrose gradient centrifugation. When shadow-cast in high vacuum with platinum-palladium alloy, the cell walls appeared to be composed of an inner layer of hexagonally packed macromolecular structures approximately 100 A in diameter and an outer layer of unknown material. The reports by Roberson and Schwab (7) on the purification of bacterial cell walls by sucrose gradient centrifugation after disruption by sonic treatment with glass beads, and by Tamura and Higashi (12) of a method for obtaining purified suspensions of dense forms of MP organisms with almost complete absence of reticulate forms, suggested that these methods could be used to obtain purified cell walls of the dense form alone.
The relationship of the psittacosis group to bacteria has been the subject of much recent interest, partly as a result of studies on the cell walls of these organisms.
Using the method of Schaecter et al. (10) , Jenkin (4) prepared cell walls of meningopneumonitis (MP) organisms by treatment with sodium deoxycholate and trypsin, and found that these structures contained trace amounts of muramic acid. Cell walls of MP organisms and feline pneumonitis prepared in this manner retain the species-specific complement-fixing antigen and are able to absorb homologous toxin-neutralizing antibody and infectivity-neutralizing antibody from serum (8) . The occurrence of muramic acid in yolk-sac suspensions of mouse pneumonitis, psittacosis, feline pneumonitis, and trachoma agents has also been reported by Allison and Perkins (1) and Perkins and Allison (6) . However, these cell-wall suspensions were prepared from mixtures of developmental reticulate forms and mature dense forms of the organism, in which the reticulate bodies comprise more than 50% of the total number of particles (5) . The reticulate and dense forms differ structurally in a number of respects, including size, pleomorphism (2) , and resistance to sonic treatment (12 7.4) and treated sonically at a frequency of 10 kc/sec for 5 min in a Tominaga sonic oscillator. This suspension (in 10-ml amounts) was layered over 40 ml of 25% sucrose in 0.033 M Tris buffer (pH 7.4) and centrifuged at 8,000 X g for 30 min. The resulting pellets were homogeneous in appearance and were easily resuspended in 0.2 M Tris buffer (pH 7.2).
Trypsin was added to a concentration of 0.5 mg/ml, and the suspension was incubated for 30 min at 37 C, then centrifuged at 8,000 X g for 1 hr. The resulting pellets were resuspended in 20% sucrose, sonic-treated for 3 min, and centrifuged at 200 X g to remove large particles.
The supernatant fluids were layered onto sucrose density gradient tubes (20 to 50% sucrose in Tris buffer) and centrifuged in a Hitachi RSP40 rotor for 1 hr at 6,000 X g. Dense forms of MP organisms were located in a heavy band at about the middle of the tubes, and were collected by capillary pipettes. Pellets were found at the bottom of each tube. These were resuspended in Tris buffer, sonic-treated for 5 min, relayered on sucrose density gradient tubes, and centrifuged as above.
Suspensions from each tube were pooled, diluted in PBS, and centrifuged in an angle rotor at 8,000 X g for 30 min.
Electron microscopy. A modification of the method of Sharp et al. (11) was used for specimen preparation. Blocks of 2% nutrient agar were placed on a glass slide, and one drop of the test suspension was added to the surface, spread evenly, and allowed to dry. 
RESULTS
Effect ofsonic treatment on dense forms ofMP. In initial experiments, 10 ml of purified organisms were mixed with 10 ml of washed no. 18 glass beads, and this mixture was sonic-treated at a frequency of 10 kc/sec for varying periods of time at 5 to 10 C. After 5 min, many disrupted particles were seen by electron microscopy, and disruption of all particles was complete in 15 min. Almost no particulate material could be observed after 30 min of sonic treatment.
However, it was observed that, when 2-to 3-ml amounts of concentrated suspensions of MP were mixed with equal amounts of glass beads in the sonic chamber, there was a significant increase in efficiency of cell rupture. After 2 min, few intact organisms could be seen in electron micrographs, and, after 5 min, no organisms remained. After 15 min of sonic treatment, only amorphous material without recognizable structure could be found. A purified suspension of dense forms before and after sonic treatment for 5 min is shown in Fig. lA and B. Purification of cell walls. Purified suspensions of dense forms were suspended in 2 to 3 ml of PBS and sonic-treated with glass beads as above. The contents of the bowl were removed to a centrifuge tube, together with PBS used for bowl washing. After centrifugation at 250 X g for 10 min, the supematant fluid was removed and the beads were washed about five successive times with 3 ml of PBS. The washings were all pooled and centrifuged at 10,000 x g for 1 hr in an angle rotor at 5 C.
The resulting pellets were resuspended in 0.2 M Tris buffer (pH 7.2) containing 0.02 M MgSO4. Deoxyribonuclease and ribonuclease were added to a final concentration of 0.1 mg/ml, and the suspension was incubated for 30 min at 37 C. Trypsin (0.5 mg/ml) was then added, and the tubes were incubated again for 30 min at 37 C.
This suspension was centrifuged at 8,000 x g for 1 hr, resuspended in 10% sucrose, and sonictreated for 2 min. Amounts of 1 ml were layered on 10 to 40% sucrose gradient columns and centrifuged in a horizontal rotor for 1 hr at 6,000 X g. One broad distinct band was seen in the center of these tubes. These bands could be harvested by capillary pipette or by drop from a puncture in bottom of tube. Electron micrographs of drop fractions collected showed that the few remaining intact dense forms were in the bottom third of the column, and most of the large fragments of cell walls were in the central band. The upper part of the column contained much debris. Fragments of cell walls were seen in all fractions throughout the tubes. When the cell walls in the central bands were sedimented at 10,000 X g for 1 hr and resuspended in PBS, preparations such as that shown in Fig. IC were obtained. Further treatment with sodium lauryl sulfate (1 mg/ml) and papain (1 mg/ml) for 30 min at 37 C produced cell-wall suspensions such as those seen in Fig. 1D .
Fine structure of MP cell walls. When purified suspensions of cell walls were shadow-cast under very high vacuum with platinum-palladium alloy, and observed under high magnification, some of the cell walls appeared to be composed of hexagonally packed structures about 100 A in diameter ( Fig. 2A) . The surfaces of intact MP organisms and whole cell walls did not show these structures but appeared to be composed of a relatively rough granular layer. A clue to the structure of the cell walls was found in observations of large folded cell-wall fragments (Fig. 2B) . Such fragments were found in many preparations, and it appears that the geometric arrangement of these macromolecular structures most likely occurs on the inside of the cell wall; the structures are covered J. BACTERIOL. on the outer surface by a second layer of unknown material.
DIscussioN
These experiments have shown that purified dense forms of MP organisms are rapidly disrupted by sonic treatment with glass beads, and that a cell-wall suspension of considerable purity can be obtained by sucrose gradient centrifugation and enzyme treatment of the sonic-treated material. This procedure has the disadvantage of producing cell-wall particles of various sizes and a probable loss of much cell-wall material by complete disruption. The bands observed in sucrose gradient columns are not sharp, and some cell-wall material is found in all fractions of the column. Significant concentrations for electron microscopic study can, however, be prepared by this technique; it avoids the obvious alteration of the cell-wall structure which is involved in cell-wall preparation by the method of Jenkin (4), in which whole particles are extracted with deoxycholate and trypsin. The permeability of such cell walls to the trypsin and to the subsequently hydrolyzed internal components suggests that such alteration is significant.
Observations on the fine structure of the denseform cell walls prepared in this manner provided further evidence of the similarity of these rigid structures to bacterial cell walls. When finely shadowed preparations were studied, the inner layer of the cell wall appeared to be composed of a regular geometric arrangement of structures about 100 A in diameter, with an outer layer of irregularly granular material of unknown composition. Such hexagonally packed macromolecular components were observed by Houwink (3) in cell walls from Spirillum sp., and have since been reported in certain other organisms (9) .
As is true of all cell-wall components of psittacosis organisms, the chemical nature of these two layers is unknown but worthy of further study.
